PCWTQ 



13/ 

2005 



(19) tS^fllWm^ffiSIM 

(43) SIS^BBB 
2004 ^11 £ 25 B (25.11.2004) 




PCT 



llllllllllllllllllllllllllllllllllllllilll» 

(io) m&'Afflm^ 
WO 2004/102810 Al 



(si) mteftytftm 1 : 

(21) mf8thm&^: 

(22) StgaiMH: 

(25) USSaiUKDsai: 

(26) mmteffiomm: 

(30) gfcjf^— *: 
4$JJB2003-133942 



H03M 13/09, 13/19 
PCT/JP2004/005551 
2004 *f4 £19 B (19.04.2004) 

B*S 

2003 ^5 E 13 B (13.05.2003) JP 



(71) ttiiSiA(#S£l£<£-ca>*i;£!]i=o^T): v-- 

ttiC^tt (SONY CORPORATION) [JP/JP]; T 1410001 
mSISp a pJIIE^aJII 6TS 7#3 5#Tokyo(JP). 

(72) 5£iJU#;i3cfct/ 

(75) fgffl#/UililA (*aiCOL^r<D^j: «JU «t£ 



(YOKOKAWA, Takashi) [JP/JP]; T 1410001 KfiCfB 
aTHEdbSJH 6Tl7f 35t V--»5E^tt 
1*3 Tokyo (JP). B (KAN, Maklko) [JP/JP]; T 

1410001 SS«BaJIIBdbppJU6Ti 7|35§V 
^-**3t£ttrt Tokyo (JP). ISffl mn (IIDA, Ya- 
suhlro) [JP/JP]; T 1410001 K^tSajll EdtS JH 6T 
I7f 35f V -— t*5t£ttrt Tokyo (JP). 36% Ifc 
(KIKUCHI, Atsushi) [JP/JP]; T2400053 #5£JH Sft^ftSfc 
TtT «± * « ESfttHT 2 2 O CD 2 O Kanagawa (JP). 

(74) ttS A: ffl* Sit (ENAMOTO, Yoshio); T 1600023 

massf?SEi5*T?i7TB i i#i s# 7 1 1 tfju 

Tr-f >y4PgTokyo(JP). 

(8i) »£BK«*<0>s:i x iRy» ±x<Dnm<z>mfii&m& 

Sim): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, ICR, KZ, LC, LK, LR, LS, LT, 



^= (54) Title: DECODING METHOD, DECODING DEVICE, AND PROGRAM 



c 








31 (K 




03^13 





d ggf-»ffl^'J 



»«LLR 




£FIF0fi< b 

304 
V D306i 



,Ld307 _* 



307 4 




-305 



00 



O 



a. Matrix DATA 

b . ..TO NEXT WHEN FIFO HAS BECOME EMPTY 
303...CYCUC SHIFT CIRCUIT 

C ...FROM COMMUNICATION PATH 

310.. .RECEPTION DATA REARRANGEMENT SECTION 



CL.RECEPTION DATA MEMORY 
306... RECEPTION LLR 

311. ..DECODED DATA REARRANGEMENT SECTION 
D316...DECODING RESULT 
308...CYCLIC SHIFT CIRCUIT 



(57) Abstract: There are provided a decoding method, a decoding device, and a program capable of suppressing the operation 
frequency to a range capable of sufficient realization of it and easily performing control of memory access while suppressing the 
circuit size. LDPC (Low Density Parity Check) code is decoded by using a conversion inspection matrix obtained one or both of the 
row replacement and the column replacement for the inspection matrix of elements of the LDPC code. In this case, the conversion 
inspection matrix can be expressed by a combination of a plurality of constituting matrixes such as a unit matrix of P x P, a quasi-unit 
matrix in which one or more components 1 of the unit matrix have become 0, a shift matrix in which a unit matrix or a quasi-unit 
matrix is cyclically shifted, a sum matrix which is a sum of at least two 
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^F-S-ttftOaBftWIRIfi: b"Cfi> V^Sv-t/^fe E. Shannon) &&&& 
r©^t; vIR||HEL36V^IB«r»i-«F#«rHi**r*r.i:«riWi: UTfT 

}i N M^JS^ft^^^^-^(P ccc ( Parallel Concatenated Convolutional 
Codes) )^ ||6JHa^**&*«F#<SCCC (Serially Concatenated 
20 Convolutional Codes)) £ fc, V>fc*$> 5 * -#«F#fc (Turbo coding) £: P£ 

* < £>*P feft Stt^te^SrCfc 9 ^ * 4fe3£^#(Low Density 

Parity Check codes) (£tT> LDPC t ^ 5 ) £5JI*P3fc£mtfOOfc 5 0 
LDPC R. G. Gallager ^£5 TR. G. Gallager, "Low Density 

25 Parity Check Codes", Cambridge, Massachusetts: M. I. T. Press, 

1963J \ClS\ t ^XfkWz&M£ ft*- $ * ^<DWi, I'D. J. C. MacKay, 
"Good error correcting codes based on very sparse matrices", 
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Submitted to IEEE Trans. Inf. Theory, IT-45, pp. 399-431, 1999J ^\ 

TM. G. Luby, M. Mitzenmacher, M. A. Shokrollahi and D. A. Spielman, 
"Analysis of low density codes and improved designs using irregular 
graphs", in Proceedings of ACM Symposium on Theory of Computing, pp. 
5 249-258, 1998J f$fc*5Vvf?¥i£B Kiofct>©f*)«. 

LDPc»#r±, f-tf&^rmkffimz, »#***<u 

^T, -OJ: 5J&LDPC^F^ov^^*WfcKW*t"So LDPC^-§-te. 
15 LDPC$F-£-f± N ^rO LDPC^#^r ^at* 5 ^SfT^IJ (parity check matrix) &m 

ff^l«rHTf*i-tofci"5i:. ^© J: 5fctft3Efr#Jfc LTtt, m*.t£. Hit 
^fi5^ ^S-^iJo/n^^^*^ Ci"<om (weight) r3't*)9x & 

j£i*£*LSLDPC##f± x i^*7-LDPC«F^£:lfc$;h,5. #frRt5*?!I 

^ a. 7 — LDPC W^r t & £ H £ o 
25 & LDPC ^fiasffftfi, tft2Efrai H Km<5^X £.f&ftm G 

WtS*4l«t5ri:^S^5. ^«Jl!:tt> LDPC £ S«F*<fcSrfr 
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SrlfclfU n tf $> h^feJ&S^FWc (=uG> *^i~5„ r.©«F-5Hb 

— ^\ LDPC W^tt-f-ttx Gallager*SflSaptg# (Probabilistic Decoding) 
t^VX^Ml^f^TJ^^V XATfcot, TrfflsS^ K (variable node 
10 (;* yfe— K (message node) t t> 5 „ ) ) £ . f ay^/^K (check 

node) £ d> 6> 5 * V^^£*i ^7 7 (Tanner graph) _LX(£>fi|lf^» 

(belief propagation) KZZ* ■ /*yi/Zs? ■ T^PXAtiot 

mmfi-ttt <ot><D* mm~r % &m& fc^ k h * & # 5 Mm * t-tzz. 

bKttZo Gallagerte, LDPC «F#©**T V X A £ LT, T^=*' 

20 LDPC $J — ^^Jt^f*. El 2 ^T^i-J: 5 ft^MK: LfctfSoTfT*?*b 
J&*5s ftflMt (SHf bfc##*?II> &U 0 (u 0i )i:U ?-~y?y 

^^6*j"fC^^it(log likelihood ratio) T^^ILfc^MlXfcSo 
25 ff N LDPC ffi%-<DU-%-\Z$o\,^X n s B2^ti5^ ^ry/Sl 1K*5 

wc, SAT* u 0 (u 01 )3$gif ^ y-fc-^ Uj &~o"\z.Wmk£fiZ> tth\^. 
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^si 2^iitPo ^fs'/si 2ic:i3v^ §:ffliiu 0 (u 0i ne:g<5v^ ^ 
d v -1 

V j =UQi + 51 U j 



j=1 •••(!) 

d c -1 

tanh 

(2) 

- - x% ^ (D i:^ (2) jc*stts a v t dji, zrtb^ti, ^^nmn<Dm 

^-C&^s (3,6)^t©l^ttt, d v =3, d 0 =6tifc5. 

10 fc*5s 5* (1) *fcf* (2) <0**fc**Vvrtt* -£*Ve*K tftf7 

£>> mtifefeffim%.<Di&m&s lMd,-ltfcttl751cl r l i:^otV^5 1) * 
ft, 5£ (2) l^tiltt, H»K:r± % 2A^v 1( v 2 W5 1|ii^ti^ 
15 frS^ (3) ^i-B8*R(v l ,v a )09 i -^Sr^«>^UT*5#, itt** 

x=2tanh" 1 {tanh (v t /2) tanh (v 2 /2) } =R (v! , v 2 ) 

• • • (3) 

uj=R(v 1f R(v 2 ,R(v 3 . —R(v do -2. v dc -i)))) 

20 • • • ( 4 ) 

xr^snm 3 fetes mmk&'i'fZtfJ ^yb^n, *x 
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^ry^SUtl^ * (5) fc^i-«||tSrff5^i:^J:oT*»WK:W*i- 

Vi^Oi + .IUj ... (5) 

^ (5) (D^Ute, ^ (1) ^UT^/W-Kt 

10 r.(D«t 5 ft LDPC ^-5§-<D^tt, |?iJx.^(3,6)^#©^^fL H 3 JC^i" <£ 

-$v— K (/^r^;w-K) a; (i) ^^ufcm^^fr^^ "+"-c^ 

K) -ete s 5£ (2) te^Lfciftll^frfctft*. r 

20 H4t4, (3,6)LDPC^-^ m%-itmV2^ «F#« 12) ©#3fcfr?!l (parity 

check matrix) LDPC ##Otfe2efT?!ira\ H50i5^ ^ 

^*<y*/-K-efc»K ^y77*;W'-Kt?fc5o 
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20 



LDPC^-^-O^^^-efeS-^A^n^^ fT^3'y Xi*(Sura Product 
Algorithm) t? tt, ^!)7^/W- K©«» J— K©«* £ 9 3B 

^'JT^W-Km @6(DJ;5^ * (1) (^9 7^/W-K« 

axb=exp{ln(|a|)+ln(|b|)} Xsign(a) x sign(b) <DHS#%ffl^T, 5t (6) © 

5c 



u j =2tanh~ 1 f TT tanh (-y) 



=2tanh 



-1 



=2tanh 



-1 



exp 



exp 



fd c -i 
I'n| 



tanh (^-) ) " x H s ' gn ( tanh ("T")) 



d c -1 



x TT sign(Vj) 



... (6) 

x^0 KlfcJV^T, <j> (x)=ln (tanh (x/2)) tfemirZ 0" 1 (x) =2tanh" 
l (e-)T'fe§^e>s ^ (6) tf\ * (7) O±5tf<-i^^t5 0 
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/d c -1 \ d c -1 

Uj = 0- 1 l I 0(|vi|)j x n sign(vi) 

• • • (7) 

<?-^*y? ; — }?x*i^ 0 7 <z> s: (7) (T-ay^y — K£#) 

v 1 ,v 2 ,v,,v 4 ,v 6 :5rJlV^th3f£*L5. $/ir-v 5 %^^ff^ 

Jfe*5x PfC0(x)J± N 0 (x)=ln((e*+l)/(e*-l)) £# § T*£, x>0 

*sv^ 0(x) = 0- 1 (x)^fc?, o ffitfc 0(x)*5<fct* ^(x)*^— K**Tfc£§S 
10 t5^^^ LUTCLook Up Table) *^V>Tlg^^5t^$)5^\ Pi##fc ^ 
|^— <£> LUT ifti. 

f-A^n^^ hT/U^V K^*-TfcH^i-«li^ 5* (1) 

**L*^y r^y — K«H*5J;t/^ (7) -e*;b£ft5?-* ^ k«H*. 

15 m&mm^mmvmtvx. *-a\ K^m^sr— o-r-oni^fr^ 

r. £ Hi .fc o Xm.-%&ft 0 (full serial decoding) OH^fe^oV^ffclfl-f 

<5 o 

fc*3 N «itrf, ni8o x 30 (ff) x9o o*j> (DWi&n&ixmm 

20 ?fjtf> 1 <£ik&2 6 9T*fe«9> t£oT, W^t-^77T'tt> ttO»li2 6 9fl 
£ft5„ r^T% HI 8 (Dtit&ftWX'te (*3fit5Hl 1 7^*3V>Tt>l^ 

@| 9 LDPC^f-^-^ 1 ®^&n5^-^«<^«J&#J£^UTV^ 0 
@9WilTlis -tOi^tS 1* ny^ (clock) ^£tz\ lo^tic^f 
25 StS^ j/*-^fH>*tL«. 
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fHim 0 3**e>**. 

^9©«tigt?lt tl^^y 1 0 O^fcf* 10 2^b^ 

-^^-ofoti^ffl^^j) i o 2£fctei o o fctg-*ft$*vcv^„ mvfe 

1 0 3frh@iffi&frZ>mtl* y-fe— ^D100 KH-^g§l 

±— v^tfJ^jDlOl t LT> fxy^/- KfUM&l 0 1 fc#t^i~§ 0 <f-^y?S 
- KthlM&i o lte, &ffi^y l o 0^bM$ti5^ y-fe-v^Dloi «r/Bv> 
T, (7) fcH£oTiRJf5rffV\ oT##fc*tfc* 
D102 Sr. fcftCtt;!!**!) 1 0 2^^i~5o 

mi o<D<?-^y? s — Ktmsi o lfii tffl^^y 1 o o^^^^tts. 

^52^. 5£ (7) m*5rt* # (IvjD^jHHSr LUT (aotfr5o SfclC* 

25 fT^ijo iff lens #^!Hj:^jcsi-«^i; t-?^; — Ka»b©* ^vj^b* 
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— 3? Uj&jfcfcfcV^j^fc** hfhX FIFO (FIFO ^ * U ) -CilM^^fc 
(7) m*3tt5 I <t> (KDaMSfckfrbSo BP*>* ^"aiy^y— K^^i-^r 

^ LUT (Uot, 5£ (7) fcl*3tt3 0" 1 ( I ( I v t |) ) <DfcM&nt>tl>Z>o 

^5/t-^ Uj ©^flf5/hs fip-fes 5S (7) HL*5»tS TTsignCvi)^ EXOR 

®&*m^xmmfcn%£frz> 0 suko&skvx, ^ (7) <Dm&&n*>fr. 

10 ft*3> 01 -yfe-^^tt's/ b Sr-a-fcHir-C^ft- 6 tfy h (bit) 

fc N r. ^"e^S<^*J"^<b LTV^i 8 (DWfitffFl&fT^MZf-irow weight)<£>ft 

15 5 FIFO (First In First Out) %WiX^Z> 0 

B9|:S9> ftffl^*5l0 2tt, mWt<D?-x. y ? / - KtH|L# 1 O 1 )&> b W 
y-fc — i?D102 &s 9 T "TVW - KtUt* 1 0 3&W&> 

20 ^tti^lD103 t IT, ^U7^;W - KShJMIl O 3 

/^y T-f>vs— KtHF*i o 3 r± N fcmt^v 1 o 2^e>M$ns^ y-fe*- 

v»D103 b^mmt^V 1 O 4a^M§Jl5Sitf ta -^ (LDPC«F#<PgfHI6) 
D104 Sr/BWrafc (1) ^o-Caft»*ffV\ *©*HE©lt*# £>fr£ ^ y * — 
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5. &&ftm<D&ft \£t&J&'r&7-*y* S — Vfrba* sffc-S?Uj £r-o1*o 
M N ^o|t*#e>ixS«l|E«*»b> Sft^ u 0i %Dm-tZ>^ h X\ s£ (1) <z>m 
10 £>k;fr5o 

Hill tefcM^Tfc. 0 10 ^*5lt5»-^i:PI«l^> yt-«tt , S' h 

V^tts M<Z>M^ (column weight) ©flb^cfiff^ 5 5 fc£> N V T 7 
15 10 3(1 5<@<£>p< yi?-^£igM£ii:5 FIFO £r*£oT*5tU ^JoM^s^ 

^^jo^ y-fe— s^«rn-ji-r sitt^ fifo [-&tfz>mm&i)K ^^^t 

ffl«iffi#^#^feih,*. ^tt, H9<o«ife*fcJ:^rf % ftffi^^P 100*3 
20 tmi^y-KH-S^l 0 liSi^PT^/'- W** 

1 0 3<DFIFO<^*£;i£*9Hk£> iWWfS#«>*-Srag^-5r.i:t?«*^faF#Sr 

(1) ©^P7^y-KI|iOftfc!3lJi, (5) ©tftH^fr^H. 
Hl9^m-§-^eSrj^D^bfflV^X, LDPC ^fS:fft5i^('ft> T"*** 
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50 8 ©tfcaScfT^JSr/BV^ 1 p]<D#r§-^ 269X2=538 (clock) Sri&H 

tf5 0 ^oT, #Ix.fcE> 5 0|U(D^«5 5gbm-^^tT5fc«)^^ ^ft^fcS 

9 om<oft^n (^inim «:£frt-5MK^ 538x50=26900 ? a y # ws^-t 

§r ^S^Tfe 1 ^ §:{f J^?&^(£$J 3 0 0 ( = 26900/90) ^<Diii3gtbff^i& 

l^tt, 1 7W -A (frame) i 2^ P T^^J— m3f£r?To TV^ K K\ 27 
g fS^cr. >y ^ y — KSS£&frV\ 37^1 &ituJ§:tfV< y T"ff^J - K 

6 9m^^wrtnt^(Dx, 3 

(=269/90) «o«»E»[T?«i^i-*LWfJ:v>n^fc*t)x +#fci^"5rtB-e*> 

15 5 0 

parallel decoding) ©fcHHfcflto^ifefc-oV^lftWi-S. 

r^H^^fcoV^fi, M^-tfx C. Howland and A. Blanksby, "Parallel 
Decoding Architectures for Low Density Parity Check Codes", 
20 Symposium on Circuits and Systems, 2001 m!Bi!t£ JjVCV^ <5 e 

mi 2A7bm.mi 2cti, in s (D%i&ftmx*mm>£frz>n-%r m-wit**/^ 
90) %m^irzm^mm<D—ffl<DMf&*7iki,x^z> 0 @i2A«:, 

HB^ffl^^feig|4 I ±^^^IB«^Sr^b N Hl2Clt Hl2A©*t8f© 

HI 1 2 A7I73EIEI 1 2 C&m^&Wfe, 100^1^^^1)2 0 5, 2o©^A 
Jl#iif2 0 0^J:th'2 0 3, 2o©tffl^^!)2 0 2^J;t;2 0 6, 3 0l@ 
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(Dfxy^;-W»2 0 1^12 0 1 80 ^b#J*$ tt5 2/ ^ / - Kth 
^2 0 1> 9 Oi^';7^/-Klff^2 04^12 0 4 90 ft>fc##£ 

H 1 2 1 2 C©Stittli, tftmt^V 2 0 2*fcf*2 O 6tf>b, 

5 2 6 9flfc5ftW«t5^ yt-^-^ ^tm^WU 

gk^ftJB^P 2 0 6tfc»2 0 2^M$3XTVK 0 ^rU-C, El 1 2 A 75^ HI 
12C<DltiE^i^Itffi^ ; 5ii:T'I!)iitIt^$ti5 0 £AT> 

i&mt^y 2 o 6«s grao^ur^/-Kth*«2 04 1 73S2 o 4 w a» 

yjKDfJ ^ * yfe— £?D206 1 75SD206 go * % y-fe— v> D207 x 

D207 90 i:U-Cai^WU »ftAtlfiil2 0 0l^ 
15 D200(D200 l ^SD200 90 )iUTifc»"r<5. Wfiil2 0 0tt, «UH**!J 
2 0 6fl>e>tft#&£*Ufc* yfe~^D200 1 »£D200 90 HI 8 O^Sff^Jl- 

Zrfo^ti&Wti: p« y -fe— D201 x D201 30 ^rift^-f-^ . 

^j/^y-KH-1^2 0 1^12 0 l 30 te> #£A;fr#;U£g2 O 0 36^e>#t 
20 ^§tL5^ yfe— ^D201 l ^SD201 80 *fflV^^: (7) |:'«o-C|IIS:ffV\ * 
©ail|C©*&*#e>ttS^ yi?~v> D202 1 75MD202 30 £: N 2 O 2 

- Ell 3tt. ^^5/^y-K^#^I^B#^fT5EI 1 2A7^HI1 2C© 

^a^y? J — Ktm»2 0 1. (m= 1 , 2, 3 0 ) ©#jfc0««r^ IT 

25 
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mi 3©f*»^;-Ksns2o i.m mi oo^*y^/-m»# 
loitTOat, ^ (7) ©^cny^/-Kas»*sff*>^5^x ^©^^^ 

v^^Tl^Bf^^Z^tbs ^ (7) fc*3»** 0 (UJ)^^^^ LUT l^ot 

^laDs * y*— ^uj&fcfcfcV^fcovvC* 5£ (7) K:*3tt5 

5£ (7) fc*5^« 0~ l (I 0 (|vj|))©ifc$|#fT*>*L5. ^IZ-t — ^Uj 

<D^#tf y K Wt>, 5£ (7) JJl*5tt5 TTsignCvj) EXOR IHSgSrJ^TPlSI 
mtH*§*L5. £l±©<t 5^bT. (7) <DmW.&nt>*l. * -yt—i?Ui& 

t&33 % Hl3m #;* y^-^m-^^y b fc^fc^T-g-fh 6 \fy Hdfi^ 

012AMil2C©ft^gtts 01 3^bfcJ: Sft^as/^y' — 

0 l.«r 3 0MLTV^ o 
rdT% Ell 3©^*j/^/— KIHMI2 0 l.TfWu 9^©^ **~5?&|BI 

3?«tf>fT©fi*WU fUfrtf*8T% »275SJB3 Off^9t?*)S/t«) % fiP*>. 
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2 9hZ>titb. f*y^y-KH-*»20 lji, 01 3 ©m& K«© 8 o<£> 

K*h3M&2 0 l 2 M2 0 i 30 tts HI 1 3tf>H!8g£l^— tt^ifto^S. 
5 El 1 2 1 2 CtlU, tffi^!) 2 0 2lt HfrU:©^* J— KW" 

#§§2 0 l l 75M2 0 l 30 ^b^$^Stti^^ y-fc—^ 0202x755 D202 M «r^k 
Tl^^icML, lk<Dl&mz. ZrVlr^XV* yte—VMQZ^m D202 30 & % W 
5,^—5? D203X75M D203 30 £ It, ^t©Wfiil2 0 3 tCfttti-*. 
#Aft#;U£*2 0 3te. tffl^^y 2 0 2 J&> 7* y-fe-^D203 1 
10 ^^D203 30 ©!iI#^ria8©^ : fT^J^oT^tJ«#x.> /^7^W- KfHf 
^2 0 4 x 7?/^2 0 4 fl0 ^ih^tb&Kfc* y-fe— 5^0204^5 D204 90 «r»l& 

/^7^y^KH-f^2 0 4 X 7^2 0 4 w r±. tAtlfiSl2 0 3 
#t|^$tt«^ y-fe— ^D204 1 7JrSD204 90 ^. 3fcflU8**y 2 0 5^f>M^H5 
15 S'ff^-^ (SfNS) D205 1 75MD205 go &fflV^T:i£ (1) KUfcoTiajr «r*TV\ 
^O^O^tbtlS^ y-fe— 5^0206! D206 fl0 fr&KD&mt^V 2 0 

- - T% mi 4tt N ^9T^/-K«*«rPlNFJ!:fT5 0i 2A75S01 2C 

(7?^y 0 4 p (p = l, 2, ■ • • , 9 0) <Dffij&M&^ 

20 LTV^ 0 

01 4©^P7^/W-m»«2 0 4 p m Hll 1©/^7^;W-Kt|- 
IM§1 0 3 iRiiat, 5£ (7) ©^^y^y-KSIir^fT^S^. *r©^ 

BP*,, Hl4O^!)7W-m*IS2 04 p m #A*L#;U£g 2 0 3 
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So 

4fc$;frTV^ Lt, V TzfjisS — FH-^f^ 2 O 4 P bTV^So 

/V/- KfH£^2 04^9 0^bTV^ o 

---C, |g 1 4<7)^y T^/vy- Kfi-^2 0 4 p T^i. 5 fi©^ yfe — S^Sr 

«#^5, 3, 2, 1 ^tiftl, 1 5#I, 4 5^IJ, 2 9?lk 1 

mhz><Dx^ ;<v r-f^j— Ktnr^2 o 4 l 75M2 o 4 90 <£>?t>©i 5#ite N 

@14©|El^ti-«^i*oT*5^ ^^©4 5, 2 9, m 1 4<Z)HI 

J&£l*rMH<Z>3, 2, lo^y yir-^^IUNF^-e^ttth^-t-Siir^T^SlE] 

jf^^ftoTV^So 

tts#££l53$i^ ^oa^K^Tte, 5£ (1) ©^pr^;-KS* 

(DftibVK, 5£ (5) ^m^dSff^, ^©Sf^^Sf^i bTm*£*L 

So 

mi 2A75^iii 1 2c<Dm%-mmfc&ti\^ 2 6 9infes^^^-rsy y-t 

111 2A7Z/MIS 1 2C<z>«^S&i$lv^b^T«#t-sm^tes y^y 
y- 7— K^^^^yT^Vv/— K?£^£: 3r3£S&-fTV\ 1 laltf>1g#£ 2 y- n y ^ 
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X*ft? Z> 0 ^o"C, Mill 5 OUKP^&fr 9 0l®<£> 

^F-S-fllSlSrSfii'SW^ 2x50=100 ^ a y ^SbfEi-frWi&V^ £: fcfc 9 , IS I* 

4§^^a>k$fc^£:k£v^ 0 1 2A75M|gi 2 c<D«-5H£8£rJ^ 

LT^<^5, 012AM@12C©^iI^ *>5«F#SO, Jfc 

oLDPC«F#©«*SrTr5ii:r±fflJli*S. BP^> 0 l 2 1 2 c©« 

m9&£T*m 1 2 A7^HI 1 2 C©«#£»©tetex -OT?t>±T-et^<^ 
4 ofo©^ $/"fe— ^<7>H-»SrPI^mff 5^«fe^oV^T % B. Yeo, P. 

Pakzad, B. Nikolic and V. Anantharam, "VLSI Architectures for 
iterative Decoders in Magnetic Recording Channels'', IEEE 
Transactions on Magnetics, Vol. 37, No. 2, March 2001 teaZ^ fbX^ 

El 1 5 ttU iRF#* 90, ^F-^<b^ 2/3 <£> LDPC ##(0tt£fr?!l<©—'W"t?*>So - 



WO 2004/102810 ^P»CT/JP2004/005551 

17 

j,-cteftv\ 

tU L * »*♦ # a* <0 T ? -fe * a* & £ ft « #> . * fc kibu * o 

FIFO SrJBV^-^flS&Sn-ftSo * y-te~5?teoV^W\ J-^y?;- 

10 t>^T-teftv\ 



*38Mtt. i©i 5ft3R5&^«*Tft$^t>©^*>5x ;**y* 
20 fcf«^^ : ^ToT#bt^,5^m^*^f^J^ffiV^T, LDPC ^FfSr^ftS^ 
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m i ldpc flF-*©fc*frai h fcifcui-rsia-efcSo 

El 3 (4, yfe— 
5 B4fi, LDPC«F#©tftSfr^U©0!l*r^i'0"^&5o • 

HI 7 (4. K**i"H*C*«. 
12 8(1. LDPC«F#©tfe3tEfT>W©MSr**t"0"^*>5- 
10 129(4. /-K«#&— o1"ofr5 LDPC^F^tt^eofllrtf!*:*"**^ 13 

Ell Oft, pty-fe— S*&— ofofHttSfxs/^/- KtHH»«>«l*«*r* 
15 ^fyny^itfeSo 

20 lucfi, KaillE-Sr^TWii*^ff 5 u>pc «r* 

Butt, y^-v%wimz.ft%ir&'*y r^fr ; — Y$c%^<Dmi&m%m 

25 t^cy^lffcS. 

Bl 1 5(4, LDPC##<PtfeS£fr^©#J&*^BI*C*>*o 

Ell 6(4, ^ff^J(-fr«m^^JS^^*il-^^^^^^^ s «' 
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01914, ^P^^ilfflbfca^t: 0 ^-^^-^^^^^^^^^ 0 

10 

Bl6tt, HIl 5 <BtfeSEfr?!llz\ 5* (8) <7)fTgmi:. s£ (9) o?!IBlfe«rlfi 
15 b-C#e>tb5tfe3SEff?USr^bTV>*. 
^Ttt^: 6x+y+l fx g -»5y+x+l fx 
g • • • (8) 

?Ug}&:6s+t+61 #Jg->5t+s+61 &\ 
g • • • (9) 

20 <1.U 5£ (8) *3«ttr- (9) fc*5VvC % x, y, s, t fit, ^rti^tb, 0^x<5, 
0^y<6, 0^s<5, 0 ^y< 6 <7}fgffl£>S#:t?fo-5o 

5fc (8) ©fi«iftH:i^Hfx 6-emoX&\)& 1 fcfcS 1 , 7, 13, 19, 
2 5fTgSr> **L«W 1, 2, 3, 4, 5fTBfc % 6 T?«oTife 0 # 2 fcfcS 
2, 8, 1 4, 2 0, 26fxg^ 6, 7, 8, 9, 1 OffBK, t 

25 V^^^-g^^fT^frbSo 

1 fciftS 61, 67, 73, 79, 8 5?ljg£, 6 1, 6 2, 6 3, 
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64, 65#lgfc> 6t?«oT*t»aS2teftS6 2, 6 8, 7 4, 8 0, 8 6#I 

It 6 6, 6 7, 6 8, 6 9, 7 0?IJg^ N £ ^ 5 *^^«*^ff 

5 fr^U (matr ix) & „ HI 1 6 (7) tfe&fTfl! T? 5 . 

SfT^J mT. It, 5n<D*3fcfraiJ:V^) T?**>**tS«F# WOO^tB© 

25 SttfLTV^o 
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^.GLft&lt.fcnmW-tiLft&l&y-'f ? V V (cyclic shift) UfcfT^J (6* 

10 (architecture) £r IB w fca*-T?#5o 

El 1 8 18CI1, £ 5 ^^fgeO-^©^i©WJ^^t 

^ny^MS. BP*>s il 1 8Cf^ 13 1 5 <D5ti<Dl&tffMiZ# 

LT, fT*fc{^Jgm^fToT#G>^6HI 1 7 0^^E£fir^JSrfflV^, LDPC 

15 4*5, m 18 Ate, ffgf^«^^^"C''^„ BB18BW:. pa 

1 8 AO«^»^^BT*H*tbfcg!^fe$P^>#^^^^^> Ell 8C&, 

» % 6OOFIF03 0 O^^S 0 0 6 ^fe^5^T>-^Mffl^ 
3 0 0, FIFO 3 0 0,^13 0 0 6 Sr3B^i" ^ * 3 0 1, S 
20 — KfUMP3 0 2 % 2o©t-f^';y^^7MHK3 0 3*5J:t)«3 0 8, 1 8l@ 
(DFIF03 0 4 1 7^3 0 4 ie ^f»45ST-^»^l' 3 0 4, FIF03 0 4 
X 75S3 0 4 18 ^ig^i-5-fe 3 O 5, tffiWf^^tStllf'-^i^ 

3 0 6, ^PT^/-miSP30 7, fc#I&tr3H&3 0 9, Sifx-^ 
M^Wx.^ 1 0, 3 1 1 

y 3 o o 3 o 4^©^— *©tett#ifei-ovvrift9l"t"5. 
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©fT^5*^!Sfel!£b/tStt?*>5 6OOFIF0 3 0 0^13 0 0 e £ tVCV^ 

5, FIF03 0 0 y (y = l, 2, • • -, 6) fit, «^ffW©^*33 ± Wfl**t? 

l<D%i (^^^^m^) Wt^tT^5 9}C^oTVN5 0 
FIFOS 0 O^Ctt, H 1 7 ©tft^Eff^ll (^kfefcSfr?!!) ^lfTB*^»5fT 

FIFO 3 0 O^JBIWK* t-tes tft*ff2WO(l. D^6>(5,5)©5 x 5 

?IJ<£>(1, 21)/^£>(5, 25)<D*S7 hff^J (5 x 5 <D#&fr?!l&r£"^ftfc 3 offfti^ 
>f * U 1/7 Y Lfcv'7 hfrfll) © 1 (DtiLmzttfo^%7 s '-*&feffli£ft' ; 5o 

i9©giim, fe&nm<D a, 86) frt> (5,90) <d^7 hnrn (5x5©^ 

#!0>5 3>© lfTSO 1 ^0tt#Mt 1 o^WfeJC^ ^^^f Ufcv- 
(l,86)frb(5,90)<D^7 bnmz&^Xte, iftnfcl&te^Tnft. FIF03 0 

FIFO 3 0 0 s Kt±, HI 7©tt3Scff?U©IB6fTBd^|Rl OfrB*-C0>10>4fc 
fli^jSi-S^-^^ftsW^ttS. FIFO 3 0 0 2 Wil©Sil:ll 

^SfT^lJ^ (6, 1) (10, 5) (DfQtfTW (5X5 ©JJMfcfrfllSr^fc 1 ofctfl?-^ * 
!> s^v^ hbfcJiS l^v-^ YftFlb, ttZLZolttfV-J 9 V y?*s7 fbfcg§ 

2<o*/7 vnm<omx^^nm) ^Mtsii©^ hffwoi©fit«^» 
do, 5)(D%Qftm%m&irz>m2(Dis7 hnmv 1 ©ttt^^tsf-^^^ 
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pxp ©SMfcfTflk ^©ny#^y l <£> 5 HB^-h* J 0 tenfeofcip 

tattus? hnrnzm-tzmzttfoirz* p-tkw (fifo 

SOO^ISOOj©?^©^-© FIFO) fct&jW$ttSo 

jl5. FIFO 3 0 0 a tt^fT#te3?*8fef*9 <kft5 0 
10 FIFO 3 0 0 3 75M3 0 0 6 feRtlUltftdlEffJWfcWlS^W-rf*— ^ **lft U # 
. FIFO 3 0 0 3 M3 0 0 6 -t*L-ett©**W:9-C*>S. 

5 1 8{@<£> FIF03 0 4 1 75S3 0 4 18 /^£>$|j&£;ftTV^ 0 FIF03 O 

4 X (x=l, 2, • • 18) It m&ftW(DftWt$o&tFPmX«hZ> 5 0<D 
15 y-t — 5?SrPI«Fj2:gg^lUbt>b< S «fc 5 fc: 

FIFO 3 O 0 1 7<Z>4&SCTJ<af|!l^Jg^bSg5^Jg*-e<P 1 tf>&© 

tl5 0 i-3&fc»*>, FIF03 0 4 1 ©IlOSi (US) tftSfT^!lO(l, 1) 

20 ^ b (5, 5) O 5 x 5 ©¥ttT?IJ© 1 © tf t^^t 5 T - ^ $ ^ 5 o SB 2 

©R*fct± % tfc3EfT?!l<0 (6, (10, 5) ©fPfT^J (5X5 ©JtMfcfT^ISr^frfc: 1 

ofcttf--r ^ y y * v-:7 h ufc^ i o *y~7 vnn t s 2 of£^Tf--r * y $> * 

25 (6, 1) (10, 5) ©fHff?IJS:«l^i-*SI 2 ©^7 hfr^y© 1 
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pxp (Dm&nn, ^o^^ 1 © 5 *> i#i£*ji;aso ^ftofcip 

bfrWfc«i-«ttfc»tti-** tt. i-7K^ (FIFO 

3 0 4! 7!?^ 3 0 4 18 ©5 %<DWl — <D FIFO) Ml&$j£frb5o 

|)j$tl?,o FIFOS 0 4 1 <03S*# »> tfeSff^J©01^*»6>IB5^l 

10 ^33rj-«ff*lRj©l©» (/n^^^M^) ©S^fc5 5}C^o^5„ 
FIF03 0 4 2 i 3 0 4 3 hmm~&&ft&\tettfo<3tfX7 s -*&teM\^. 
^fl<D&£ (StWO te N 5T?ifc*o FIFOS 0 4 4 75^3 0 4 12 fcra«fc:tft3l£fTai 
fcttJfc^ttTT^^fcftfftU *n^©ft*«3^*>*„ FIF03 0 4 13 BM3 

15 5 0 (B.U FIF0 3 0 4 18 tf>$f§l<D^i{tte> tfc^fT?!!© (1, 86) £> (5, 90) fclffi^ 
U fS5?UB (^fT5IJC(l,90)^b(5,90)) KH#ftV^«>, X-^tet&Sft 

^-^^^^cep 3 O Of*. 6 0<£>FIF0 3 O 0 x Tb^ 3 0 0 { ^b*D, 

D311 lfeg(Eff5!l^©fTH:JR**-**»©fllf# (Matrix^-*) D312 l^ot, 

*&te#W-S FIFO Sr. FIF03 0 0»73rS3 0 0,<O«t»*>fe3BtJ { % »^/£FIF0 
|C5oro^ y-fe— £?7*— ^ D311 &££fcTHg#fcfe*ftb-CVK 0 

3 OOtt, 7*-^S:K^Wi-»^r4s FIF03 0 0^^500^ 
25 y^ — Vr — Z D300, ^J«^^m U fcffctf)* W * 3 0 1 

X — ^fe^^^ 3 O Oft:. FIFO 3 0 0,^b©^ jr-fe— b 
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©n&Tfu fifo3 o o 2 7bms o o 6 a>b%x m#^> * y-fe—s^— 

3 0 11t "feW bff-5§-D301 fc^ot, FIF03 0 O^^S 0 0 6 <D 
51b©, ^.#7*— ^^^g^ttJ^^,TV>5 FIF0^b<^5o(D^ — ^Sr 
5 3B&U y*fe — 9 J?—9 D302 £• UT, 5/ ^ / - Kth^lfP 3 0 2 Ic^i" 

<5 o 

fx^^y-K^»3 0 2«U 50©fs^;- mH*3 0 2 1 75M3 
0 2 s A*6>Jfet)^ ^riib-C^I&^^S^ 5x^ — ^0302(0302! 75^ 

D302 5 )£rJlV^T. (7) T^#3rfrV\ ^©^©^#^^§5 0© 

10 y-fe — 5? 0303(0303^^ D303 6 ) £tM * P MUSS 3 0 3^^i"5o 

fxy^/- KSHI#3 0 2 1 75^3 0 2 B -t*L-£*U±. HI 1 0 ^ L 

fcfsy^;- HtMt#i 0 1 tl^ftf^^tiSo 

i^-f^ U y9 9 y7 MUSg3 0 3 « N s> * / — KBHI*P 3 0 2T?tH*£*bfc 
50©^ 5/^-^0303! 75SD303 5 Sr, MJft1~ ^SfT^IJ ^ joV^TTC i: & <5 
15 l£{& : fT#!&r^of--r ^ U y? 9 /? h Lfc%©-efc5^©'lif& (Matrix -7*— 
D305 &7nfc:-frM^ P hU y*fe~S*D304 UT % 

^^ififfi^ * y 3 0 4 nMtSo 

&7*— ^l&lflffl^*!) 3 0 4lt 1 Sm<D FIFO 3 0 4 t 75H 3 0 4 u Hft9, 
BU^©-*^ ^ U ytlsy MUSS 3 0 3d>fc^^$^tS 500^ 
20 D304 ^^fr^J^^^ 2 fT^Mi-6^O'lt#D305 fcfl£o-"C % f-^Sr^tS 
FIF0&, FIFO 3 0 4 x 75^3 0 4 18 ©«ti^bl^ 51A/fc FIFO *C 5 OtfM y-fe 
— S?9*— * D304 &££«>TJ®#lz:|#*ftLTV^ 0 £fc N — * teAMS * ■=& P 
3 0 4tt N 7*— ^*«I^Wi-|Rfcr4^ FIFO 3 0 4 1 d>?> 5 0<^p« 5/^ — ^0306! 

sritsKi^mu »tv^^ 3 0 5tMt5, sf-^^i^^y 3 

25 0 4fi s FIFO 3 0 4 1 i^©7 f -^OR*fflt©»Tl FIFO 3 0 4 2 75^ 3 0 
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3 0 5 M1-5I-D307 fct£o"C\ FIFO 3 0 4,»i3 0 4 16 <D 

5%<D S ^Erf— *2$t^ttl£*bTV^ FIFO 5 o©^ y-fe — ^ £r 

5E^U ^ yfe — V?—* D308 i LT> ^y7^-mf§|53 0 7 t^t 

0 9 fcfltf&i-S. 

^^-m^J OTf-^) D313 £r N 5£ (9) ©^iJfi:m^ : fT5^^^<t , 9^#x.N 
$F-*§-m?l]D314 t LT^ ^ffflx — i^^^P 3 0 6tC#t^ 5o ^ff ^-^ffi^ 

^P 3 0 6tt, SfB-^^&^fclfla 1 0 ft* flF#3R#l D314 frh. 

SfiLLR (StiWigJfc) «rtHrUT*5t)^ UfcSfcfll LLR & 5 t 

10 7 s — ^ D309 ^ LX, *V 7^7 — KH-#SP3 0 7 3 0 9 Kflfe 

y T-ffrJ — Kff&gB 3 0 7 fi N 5o©^ y T-fiVJ — Kgfjf « 3 0 7 ! 73r 
13 0 75^?)^^ t^^ 3 0 5 %iibT#^^^tt§^ ^-^ — ^0308(0308! 
D308 s ) £ , ^jf^— ^ffi^^E-y 3 0 6^b#f|&*^« 5 0<£>5Hi" LLR D309 
15 &^T, 5£ (1) m^oT«3ISrffV\ 5>t-i? 
DSlOCDSlO^MDSlOg)^ •yrj* V y 2 MUSS 3 O 8 fcflstei-S. 

T~?MJ — K&HM&3 0 7 ^^3 0 7,-t*L-e*Ltt* 1 1 1 
y T^/V/- WMl 0 3t^i^$^5„ 

y Me]j^3 0 8 te. ^y Tzfjv;— KIUMB 3 0 7-Cft-il£*L 

25 Ell 8CO«tSf^ M£©lil#*£ttLDPC##&«#Lfcf^ 

tg#f&tHf*P3 0 9&J:TJ««-J§-x — ^M-<#^§P3 1 1 *^Ts ft&ftfcfc-S- 
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V, -fev^^r 3 0 538S|U*-rS 5 00^ yfe— 5? 0308(0308! i:, S 
^-^r^^^y 3 o 6 36»6>#f|&*H* 5 LLR D309 &J3V\ ^tfcHI© 

fc-§-<0*#«K:*5V^ 5* (5) fr'S^T, ft**** SrtHH-t. 
5 ^©^ffetbStfr-^ D315 Sr. ^-§-x-^M^#^3 1 ltetftfci-*. 
fc#^-*afe>M$;LfW3 1 1 W\ fc-iHSSUfSP 3 0 9 *b 

* D315 %ttmz, 5£ (9) ^J«mo^fim^fx5r.i:^«t«9, 

10 UffrHB* «f-^»^D 3 0 0 i: 3 0 4^©f-^t») flT© 

* j>r*-i?t>**!HM\ /-K*JW (^^/-KtHi|13 0 2t© 

k 3 0 4 £r FIFO -e#^i~5 <fc 5 Lfc^) % FIFO ©ftfc> 9 ^ RAM &/BV^T t> 
#*>7&V\ -^om-^s RAM KB: N P<B<0&tiH* s/ir-v 5 ) SrUa 

HSfcBK^ffii-r: fcom*5try MI£> ttfi«/P ©!7~ K (word) fc 

3&tf. RAM ^b©Mt©^ttt> T Kv^^^m^feWM^-^^^ 

^ttj-To FIFO <z>ftfc> t> K: RAM £r/Bv>5 -fe * 3 0 l *s £TJ<3 o 5 f±^K 

25 ft*5 x FIFO ^ RAM ©fl&SWft tT y h Hf^JE 9 fcV^-frfclW:* RAM £r/B 
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^bapoLDPC^T?^. ffl#Pff^£tt*.5*:tt-^ 018 A7Z/MIH 1 8 C©I 
^MX\ &M<DW%ft&(D LDPC «F#^*#*r* - 

frx~% z&^nm m&tk&ft&i) t^ts-i^ LDPc^-5§-om#£> 

20 (architecture) tr^-t-5-^^'6r^^^t)> ^Wa^ y-K«#«r\ P 

mmmz.fr xwjftmfcWL*nm.^m?mm\mz.z> r. 1 

D3Sb«#Srfr5 -^Sr^fcU^Os ^ * y (FIFO ^ RAM) — 
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;*^y (FIFO RAM) ^©*#&*£:8iS*fctiU#U:. I^STK^^Pft 

J)L-t-SJii:^BrtBt?*)Sr. 10tf>«#fcx 269/5x2= 1 0 8 ^ d 

fc N 108X 50=5400 ^ n 5/^ »^i-^HC J; V^ri:^^ «9 > Sft 6 O f£ 
©ibf^«jft*-CJ:v^^:^:^!:/j;5 0 lot, g|l8A75I0i8C©«t»lia 

15 5$jJH:te*t < 

xmi-^ t^x% ^m^^n^^nhfi^^nnKMJ^ir^ ldpc ;Jf -§-Kio 



10 
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ftm<DW*nM*K't'<x o (all o)©jfcfr*rttitTP l^M* 

h^aiTfciOfT^ - £t>T?#5. — stomas: >^ M)x7iaoxtr5f^ 

^40 5^ROM4 O 3fcl^«>!B«L-C*3< 

fc3VM*£/c, 7V^/V7^^ CD-ROM (Compact Disc 

Read Only Memory), M0 (Magneto Optical) <f 4 * 9 , DVD (Digital Versatile 

Disc), m*.?***. ^^y^if©y^7 ! /HEW4i he, - 

<^AX#MSr^UT. ^t?^-^&||Tite^Ufc<9, LAN (Local Area 
Network), bi^ofc*}' M7^^tt, ^^^^ 

4 0 8 ■«« U rtJ»-f6^- K^^40 5W^ h-A^f * - ^ 

a^lfa. — ^rfi % CPU(Central Processing Unit) 4 0 2 SrftiS LTV^o 
CPU 4 O 2fctt* ^4 0 l^fC, AW^7x^4 1 0^«ft$»t 
X*3*>. CPU 4 0 2te, Affl*J>f >*:7~-*4 1 °^ LT ^ ^ fia ° T ^ 



20 



25 
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K&Vfi^jPAJj&nZ ^niCb/c^oT, ROM (Read Only Memory) 4 0 3 
\Zfa®i£tlX^Z>-?'vy f 7J>>%mTf'tZ>o fc^V>« N CPU 4 0 2 (3> 'n— 

K9*-f 4 o 5 Kii&^tLTv^^p^^s «a*u<tt^y M7-*a>b 

5 jBiHSfrU 5ift8&4 0 8t?St **tX/>— Kf^^ 4 0 is* /W$*L 

fc^P^^ K7>f ^4 0 9 ^3g3t$*tfcU A— ^^/HB»aEfr4 1 1 

RAM(Random Access Memory) 4 0 4|uH-K \-,X MTf~t~ Z> » CPU 4 

0 2 ft, ±^bfc7n— H^bfctfSofc&fJg, § VM3:±3& b/c^n v ? 

10 ®o«ij^^<t yftfrtiztikm&ftSo ^bx. cpu4 0 2» n ^ro^a^m^s 

^(^CT, 0i|&fi£, AtD^^7i^4 1 0^U, LCD(Liquid 
Crystal Display) — # «P"Cfllfifc £ tl% W^JgP 4 0 6 t>> b ffi^J, fcSVM*. 

iUffM 0 8a»6>S6fll^ Kf*-f 4 0 5lc|a^$^:5o 
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1. LDPC(Low Density Parity Check) W^^U^r^^Xh-oX , 

pxp (om&n&u ^(om±nn(D^^^— ^ hx&>z> i <d? %<o imu.t 

hnn<D^>tb(omwc(D^iXh^nn, ^fc^pxp (Donn^tm^nnt 
tts mmm&Wi&nm^ mm<Dmmmi&ftw<Dm&T£xm£thz> 

3 . m&(D&mm i m\zmm<omttmxh<> t, 

4. LDPC(Low Density Parity Check) ^F-^^^-^^g-Cfco-C, 
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6 . If i£<D^Wm 5 «(Zl|Ei©*tSfT*ot^ 

StflB ldpc P *B©^* j/ ^ y — K©80*&RI« , SMt 5 ^ 

h&ib ldpc «F#o«#<ofcft© p im©^ y - Y<Dm%&^tif^n ? 

10 Sr^-TS 

20 TzfA'S — Y(DWi%<Dlfc$mbfrZ> Pffi<Dmzttl&-rZ>* yte-itT-f&m 

25 5/yt-i?7-^, W!Bf£iMfe3iEfr3nj<D l Srtr^lRJt-ISi6S«t 
1 0. tt#©ttffl&8^teiB#©«^§£1t^iboTs 
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y-fe—S^-**:* ^IB^^StT^l^l Sr^lRJ^ISftS J: 5 fcHfrlfl-*" 
5 11. »^<D«H^835i^BB««>tSC#^Bt?*)o-C, 

10 ©rK^iuftKftts 

Atrial yfe-5?IB«¥®:tt, fT#:/P#I^FIF0 fc % ?!Jifc/P#l<£FiF0 
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